C
YSTS are frequently associated with glial or metastatic tumors. It is uncommon, however, to find cysts connected with meningiomas. In his pioneering account, Penfield 2~ wrote that "only in very rare cases is there cyst formation" in meningiomas. Cushing and Eisenhardt 5 reported only eight cystic tumors in their series of 313 meningiomas. A further review of the literature shows the rarity of this association; in fact, few other authors have reported cases of cystic meningiomas (Table 1) .
The introduction of computerized tomography (CT) scanning in neurosurgical diagnosis, even though it is very useful to locate and identify cerebral tumors, has not completely eliminated possible diagnostic error between cystic meningiomas and other intracranial tumors. 2,4' 6' 10,14 ' 15,18' 22' 24' 26"27 In this paper we summarize our experience with seven cystic meningiomas, and discuss the characteristics of these lesions.
Summary of Cases
Of the 152 meningiomas we have treated, seven were cystic (Table 2) . Cases 1, 2, and 3 were managed before the introduction of CT, and in these patients the finding of a cyst associated with the meningioma was an operative surprise. In Cases 4, 5, and 6, the diagnosis of meningiomas from the CT scans was not difficult (Fig. 1) .
In Case 7, the CT scan showed a right frontoparietal mass lesion consisting of a large cyst with a contrastenhancing tumor nodule, which suggested a cystic glioma or metastatic tumor (Fig. 2) . In that case, a right internal carotid angiogram demonstrated an avascular mass. Because of the CT appearance of the tumor nodule, right external carotid angiography was performed, which showed a tumor stain fed by branches of the middle meningeal artery (Fig. 3) . On the basis of these neuroradiological studies, a cystic meningioma was correctly diagnosed before surgery, facilitating an appropriate neurosurgical approach with radical extirpation of the tumor. The histological pattern was that of a mixed endothelial fibroblastic meningioma, with necrotic areas and microcavitations.
All seven cases were verified surgically and, in all cases except one, the cyst fluid was xanthochromic. All of the cystic meningiomas were fed by branches of the middle meningeal artery or other branches of the external carotid artery.
Discussion
Meningioma cysts may lie inside or around the tumor. Nauta, et al., Is proposed four relationships between a meningioma, the associated cysts, and the surrounding brain. In Type 1, the cyst is contained wholly within the tumor and is totally surrounded by macroscopic tumor. In Type 2, the cyst is at the periphery, but still wholly within the margins of the tumor, there being a microscopically visible attenuated rim of tumor cells along the margins of the cyst. In Type 3, the cyst again appears to be peripheral to the tumor, but actually lies within the adjacent brain rather than within the tumor itself. In Type 4, the cyst is located at the interface between the tumor and brain as a loculation of cerebrospinal fluid in the subarachnoid space, and does not lie within either the tumor or the brain. When the cyst is large, neoplastic components are confined to mural nodules. The cyst wall can be composed of either reactive astroglial fibers, collagen, or neoplastic cells. 4, 6, 10, 18, 22 Cyst formation is more frequent in children than in adults.l,7'8,zg '25,28,29 Many etiologies have been suggested for cyst formation in meningiomas. Intratumoral macroscopic cysts can derive from secretory or degenerative changes. Peripheral cysts can arise from a loculation of the subarachnoid space, from reactive gliosis, fibroblastic proliferation, or an adjacent second tumor. Other causes include demyelination adjacent to the tumor, perhaps due to white matter edema and perfusion deficits. In all probability, some of these causes of cyst formation can occur concurrently.
In several instances, the expansion of the cyst rather than the tumor itself is responsible for increased mass effect and clinical deterioration. In our series, the time between onset of symptoms and diagnosis ranged between 4 weeks and 2 years.
It is important to note that the CT scan appearance of such cystic meningiomas may mimic that of a glial tumor and lead to an incorrect presumptive diagnosis. This false impression may be perpetuated by the gross appearance at operation, which can mimic a malignant glioma. The possibility of meningioma should be considered in the diagnosis of any intracranial neoplasm with a large cyst, particularly if the tumor is parasagittal.
With rare exceptions, the diagnosis of a cystic meningioma can be made from an angiographic study that includes an external carotid artery injection, as gliomas are rarely fed via the external carotid artery.
In the absence of classical angiographic changes, biopsy of all suspected cerebral neoplasms is important, because an incorrect diagnosis of glioma frequently results in palliative treatment rather than surgical removal of a potentially curable neoplasm.
